Abstract HIV-positive pregnant and postpartum women's status disclosure to male sexual partners is associated with improved HIV and maternal and child health outcomes. Yet, status disclosure remains a challenge for many women living with HIV in sub-Saharan Africa, particularly those who are fearful of violence. The objective of the present study is to advance the current understanding of the relationship between intimate partner violence against women and their HIV status disclosure behaviors. We specifically evaluate how the severity, frequency, and type of violence against postpartum HIV-positive women affect status disclosure within married/cohabiting couples. A cross-sectional survey was administered by trained local research assistants to 320 HIV-positive postpartum women attending a large public health center for pediatric immunizations in Lusaka, Zambia. Survey data captured women's selfreports of various forms of intimate partner violence and whether they disclosed their HIV status to the current male partner. Multiple logistic regression models determined the odds of status disclosure by the severity, frequency, and type of violence women experienced. Our findings indicate a negative dose-response relationship between the severity and frequency of intimate partner violence and status disclosure to male partners. Physical violence has a more pronounced affect on status disclosure than sexual or emotional violence. Safe options for women living with HIV who experience intimate partner violence, particularly severe and frequent physical violence, are urgently needed. This includes HIV counselors' ability to evaluate the pros and cons of status disclosure among women and support some women's decisions not to disclose.
Introduction
Disclosure of an HIV-positive status to sexual partners among couples in sub-Saharan Africa has important implications for the health outcomes of the individual living with HIV, their sexual partners, and public health. For the HIV-positive individual, status disclosure is associated with improved social support and reduced feelings of anxiety and perceived stigma [1] . For the sexual partners of HIV-positive individuals, knowing their partner's HIV status enhances risk awareness, and may promote increased uptake of voluntary HIV counseling and testing (VCT) and safer sex practices [2] . For women living with HIV (WLWH) who are pregnant or breastfeeding, status disclosure to male partners is also linked to health behaviors, such as adherence to antiretroviral therapy (ART) during and after pregnancy, which is critical for prevention of mother-to-child transmission (PMTCT) [3] [4] [5] .
Despite the potential benefits, HIV status disclosure remains a challenge for many WLWH in African settings.
A recent systematic review by Tam et al. [10] showed that only 64% of pregnant/postpartum WLWH disclosed their diagnosis to male partners across multiple African settings. A critical barrier to status disclosure often cited by WLWH is fear of a negative reaction from the male partner, including accusations of infidelity, abandonment, or intimate partner violence (IPV) [6] [7] [8] [9] . Indeed, multiple studies have indicated that WLWH are more likely to disclose their HIV status to the male partner if the couple has no history of IPV [10] . There is a lack of understanding, however, regarding how different forms of violence (i.e., emotional, physical, or sexual) or the severity/frequency of IPV may affect HIV-positive women's decisions regarding status disclosure to male partners around the time of pregnancy.
Zambia has a high prevalence of both HIV among women of reproductive age and violence against women. In the country, 15% of women ages 15-49 years were HIVpositive in 2014 [11] with many women newly diagnosed during pregnancy or postpartum. In addition, almost half of the female population has experienced some form of IPV in their lifetime with 10% reporting physical violence specifically during pregnancy [11] . Although the majority of women testing for HIV (either positive or negative) during antenatal care (ANC) in Zambia report disclosing their status to male partners [11] , more research is needed into the interconnecedness between different forms of IPV and lack of status disclosure among pregnant/postpartum WLWH in this setting. This knowledge is critically important for the development of effective interventions that can promote both positive clinical outcomes, such as PMTCT, and the safety of WLWH. The objective of the present study is to establish how different experiences with IPV, including varying levels of frequency/severity and different types of IPV, affect status disclosure to male partners among a clinic-based cohort of postpartum WLWH in Lusaka, Zambia.
Methods

Participants and Procedures
This study is a secondary analysis of cross-sectional data collected in 2014 from a clinic-based survey within the Maternal and Child Health Department of a large public health center in a low-socioeconomic neighborhood of Lusaka. The original aim of the study was to explore the relationship between gender power dynamics and HIVpositive women's adherence across the PMTCT cascade of care, including ART adherence during and after pregnancy [12] , safe infant feeding [13] , and pediatric HIV testing [14] . All of the participants from the parent study are included in our sub-analysis, which expands the previous work by exploring status disclosure to male partners as the outcome of interest. In the prior published analyses using data from the parent study, status disclosure is considered a control variable. The a priori sample size calculation is powered to detect a two-tailed medium-effect odds ratio of 2.74 at a power of 0.80 and alpha of 0.05 using a sample of 320 participants [15, 16] .
The clinic where recruitment took place provides ANC, including PMTCT, as well as postpartum care, such as height and weight, pediatric immunizations, vitamin supplements, and deworming treatment. All participants (n = 320) were HIV-positive postpartum women who were at least 18 years of age. These women were either married or cohabiting with a male partner. Additionally, study participants had to have at least one biological child between the ages of 3 and 9 months to be eligible. Infant age criterion was selected to capture all of the essential PMTCT protocols, match the immunization schedule in Zambia, and limit recall bias. To ensure the safety of women in abusive relationships, those who attended the clinic with their male partners were excluded from participation. This was, however, extremely rare with only two participants being excluded because the male partner was present for the child's clinic visit.
Potential participants were approached during the routine pediatric immunizations clinic. Nurses identified eligible mothers using the child's ''Under-Five Card'' (i.e., a mother's copy of her child's health record that she is required to bring to all health care visits) and asked women who met the inclusion criteria to proceed to a designated area in the health center. Here, trained local research assistants individually briefed potential participants on the study in a private exam room, conducted informed consent, and verbally administered the survey in their preferred language (i.e., English, Bemba, or Nyanja) on paper forms. The response rate for invited women was 85%. Participants provided information about their demographic characteristics; relationship dynamics, including HIV status disclosure and IPV (discussed in detail below); and adherence to various PMTCT protocols. The survey questionnaire was developed by the primary investigator (KH), based on existing validated instruments [17, 18] , evaluated by a panel of experts in Lusaka, and pretested during a pilot study in March of 2014.
The study was designed and implemented in accordance with the World Health Organization Ethical and Safety Recommendations for Research on Domestic Violence Against Women [19] . Women who reported IPV were offered referrals to a local domestic violence organization in Lusaka for counseling and victim support services. The study was approved by the Colorado Multiple Institutional Review Board (COMIRB) and the Excellence in Research Ethics and Science (ERES) Converge Zambia. Consent forms were translated into the local languages and read aloud to each participant. All participants provided written informed consent or a thumbprint (in cases where women had difficulty reading or writing) prior to participating in the survey.
Survey Measures
HIV status disclosure, the main outcome of interest, was measured by asking participants the following binary (yes/ no) question: ''Have you notified your husband/partner about your HIV status?'' IPV perpetrated by current male partner, the main independent variables of interest, was measured using a version of the Revised Conflict Tactics Scale (CTS2). The CTS2 is one of the most widely used IPV measurement tools and has strong reported psychometric properties [20] . The version of the CTS2 used in this study came directly from the Demographic and Health Survey's Domestic Violence Module [21] , which was first developed and standardized in 2000 and has been previously used in numerous settings throughout sub-Saharan Africa, including Zambia [22] .
The IPV module contained 12 items with binary response options (e.g., yes/no) and was divided into three subscales (emotional, physical, and sexual IPV) to capture if the participant's current male partner had perpetrated any of these types of violence against her ever in the relationship. Emotional IPV was measured using three items (e.g., ''Does your husband/partner ever say or do something to humiliate you in front of others?''). Physical violence was measured using seven items (e.g., ''Does your husband/partner ever slap you?''). Sexual violence was measured using two items (e.g., ''Does your husband/partner ever physically force you to have sexual intercourse with him even when you do not want to?''). If a woman answered ''yes'' to any of the IPV experiences, she was additionally asked how frequently that particular IPV item occurred in the past year, using three possible response choices (often in the past year = 3, sometimes in the past year = 2, rarely/never in the past year = 1). Lastly, we used a four-item scale to capture if women experienced any injuries (e.g., ''cuts, bruises, or aches?'') in the course of the current relationship as a result of IPV.
From these data, we created a set of binary dummy and ordinal variables to estimate various dimensions of postpartum women's experiences with IPV in their current relationship. First, we created a dummy variable (yes/no) to indicate if women ever experienced any form of IPV in the current relationship. Similarly, we created three dummy variables (yes/no) capturing: any physical IPV, any emotional IPV, and any sexual IPV in the current relationship. Lastly, we created a dummy variable (yes/no) indicating if the woman ever experienced any injuries as a result of IPV in the current relationship. We additionally created two ordinal variables to capture the severity and frequency of IPV. First, the total number of IPV events ever experienced in the current relationship was calculated by summing the number of specific IPV events women reported (scale of 0-12 events). We also created a frequency of IPV in the past year score by summing how often each violent event occurred in the past year using an ordered list of possibilities (often = 3, sometimes = 2, rarely/never = 1), yielding a score from 0 (no violent events in the past year) to 36 (experiencing every possible violent event often in the past year).
Household wealth, a standard control variable, was calculated using a list of 21 household assets (e.g., ''does your household have (yes/no): a television, a car, electricity,'' etc.) [21] , which was used to generate a standardized relative wealth index (range -2.5 to 2.5) using principal component analysis (PCA) [11, 18, 21] . The PCA procedure yields a wealth index that assigns a larger weight to assets that vary the most across households [23] . We also included the following additional control variables: participant's age (years); parity (number of biological children the woman had birthed); completion of primary education (yes/no), when the woman was diagnosed with HIV (either during the most recent pregnancy or before becoming pregnant), and length of relationship with the current male partner (years). Women also indicated the male partner's HIV status: male partner also HIV-positive (seroconcordant), male partner HIV-negative (serodiscordant), or male partner's status unknown. Three dummy variables were created based on these response categories for male partner status and included in the regression models.
Data Analysis
To detect data entry errors, survey data were entered twice into a CSPro database and exported into Stata 12 for analysis. Surveys with more than 50% missing data were not included in the analyses (n = 4). Missing data (see Table 1 ) were imputed using multiple chained equations in Stata 12 [24] . A total of 21 auxiliary variables that were either significantly associated with the missing data or considered standard control variables (e.g., age, education, and wealth) were included in the imputation model as auxiliary variables. Through chained imputation, 20 datasets were created and pooled for missing values among the variables of interest. Data converged, indicating that the multiple chained model was a good fit for the dataset [25] .
Prior to imputation, descriptive statistics captured the mean and standard deviations for interval/ordinal variables, and proportions for binary variables. Next, bivariate analysis explored the association between HIV status disclosure to male partners and our independent and control variables. For the continuous variables, an independent group t test was conducted. For binary variables, Pearson Chi squared was applied. We subsequently conducted a series of multiple logistic regression analyses using both case-analysis and imputed data to determine the adjusted odds of HIV status disclosure by each measure of IPV, after adjusting for standard control variables (i.e., age, parity, education, and wealth) and variables that were significantly associated with HIV status disclosure in the bivariate models. For the ordinal IPV measures, number of IPV events and frequency of IPV in the past year score, we tested models with both the ordinal measures described above, as well as with categorical versions (shown in Figs. 1 and 2 ) with results remaining consistent. Table 1 displays participant characteristics stratified by whether or not women disclosed their HIV-positive status to the male partner. On average, the postpartum women in this study were 29 years of age and had three biological children. The majority of women (72%) completed a primary education. The majority of women (60%) were also diagnosed with HIV during their most recent pregnancy (compared to knowing their status before becoming pregnant). Women had been in their current relationship for an average of 7 years and the vast majority (92%) reported disclosing their HIV-positive status to the male partner. The majority (52%) of women were in seroconcordant relationships with a male partner who was also diagnosed as HIV-positive. However, 20% of women reported they did not know their partner's HIV status (or he had never been tested for HIV). The prevalence of IPV in women's current relationships was 60%, meaning that these women had experienced at least one IPV event perpetrated by the current male partner at some point in their relationship. On average, women reported a total of two violent events in the course of their current relationship and 28% had experienced an injury due to IPV. The average frequency of IPV in the past year score was four (range 0-18). To put this score into perspective, there are four scenarios that could result in a frequency of IPV in the past year score of four: (1) experiencing two violent events often in the past year; (2) experiencing three violent events often and one violent event rarely in the past year; (3) experiencing two violent events sometimes and two violent events rarely in the past year; or (4) experiencing four violent events rarely in the past year. The most common type of IPV women experienced was emotional IPV with 40% of women reporting at least one emotionally violent event in their current relationship, followed by sexual IPV (34%), and lastly, physical IPV (32%). Table 1 Table 2 displays the first set of multiple logistic regression results from the imputed data and the caseanalysis for the adjusted odds of HIV status disclosure across different measures of the severity and frequency of IPV. The imputed data and the case-analysis display similar trends with the imputed models providing slightly more statistical power to detect significant relationships. In the imputed models, experiencing any IPV in the current relationship was marginally associated with lower odds of HIV status disclosure (aOR 0.31; 95% CI 0.08-1.22; p = 0.09). There was, however, a significant association between the number of IPV events a woman experienced from her current male partner and the odds of status disclosure: for each additional IPV event a woman experienced, there was a 23% decrease in the odds that she disclosed her HIV-positive status (aOR 0.77; 95% CI 0.61-0.98; p \ 0.05). This suggests a dose-response relationship, where more violence of any type corresponds to a reduced likelihood of disclosure. Figure 1 Table 2 also indicate a dose-response relationship between the frequency of IPV in the past year score and women's HIV status disclosure to the male partner (aOR 0.89; 95% CI 0.80-0.99; p \ 0.05). That is, for each one-unit increase in a participant's frequency of IPV in the past year score, she had 11% lower adjusted odds of disclosing her status. In Fig. 2 , which displays this dose-response, women with a frequency of IPV in the past year score of zero disclosed their status 97% of the time compared to women with a frequency of IPV score greater Table 3 presents the results of the second set of adjusted logistic regressions, which summarized the relationship between women's HIV-positive status disclosure to male partners and experiencing specific types of IPV (i.e., physical, emotional, or sexual). In the imputed models, only physical IPV in the current relationship remained negatively associated with the odds of HIV status disclosure to the male partner. Women who experienced physical IPV had 68% reduced odds of status disclosure (aOR 0.32; 95% CI 0.11-0.95; p \ 0.05), compared to women who did not experience physical IPV.
Results
Lastly, two control variables were significantly associated with the odds of women disclosing their HIV-positive status to the current male partner in the adjusted logistic regression models (see Tables 2 and 3) . First, being diagnosed with HIV during the most recent pregnancy was negatively associated with the adjusted odds of HIV status disclosure in all of the imputed models (aOR 0.17-0.21; p \ 0.05). Second, having a male partner with an unknown HIV status was also strongly associated with lower adjusted odds of women disclosing their status to him in the all of the imputed models and case-analysis models (aOR 0.02-0.03; p \ 0.001), compared to women in seroconcordant relationships whose male partner was also HIVpositive.
Discussion
In this study, the vast majority (92%) of WLWH reported disclosing their HIV-positive status to their current male partner, which is similar to disclosure rates observed in other similar settings among long-term committed couples. In Zimbabwe, for instance, Shamu et al. [26] found that 89% of HIV-positive women disclosed their status to their male partner [26] . Importantly, the postpartum WLWH in Table 3 the present study who knew they were HIV-positive for longer periods of time (i.e., before their most recent pregnancy) were more likely to disclose their status to their current male partner, compared to more recently diagnosed women. This finding highlights that newly diagnosed women often need time to psychologically adjust prior to engaging in optimal health behaviors, potentially including notifying significant others of their HIV diagnosis [27, 28] . This finding also underscores the importance of quality counseling, particularly for newly diagnosed women. More effort should be given to developing effective social interventions that shorten the duration of time it takes pregnant/postpartum WLWH to inform male partners of their status, as well as assist couples in mutual status disclosure. In the present study, having a male partner with an unknown HIV status dramatically reduced the odds of women disclosing their positive status to him, compared to women whose male partner was known to also be living with HIV. One promising intervention is home-based couples HIV counseling and testing (CHCT), which has the potential to serve as an acceptable and safe method to assist couples with mutual HIV status disclosure inside the privacy of their homes assisted by a trained counselor [29, 30] .
Severe IPV against HIV-positive women, however, may prevent women from participating in interventions such as CHCT if they are fearful about a violent reaction from the male partner, regardless of the testing location. In the present study, we found strong evidence of a negative relationship between the severity/frequency of IPV against WLWH and the odds of HIV status disclosure to male partners. For each violent event a woman experienced in her current relationship, she had signifincatly reduced odds of status disclosure; this was also true with respect to the frequency of IPV in the past year score. To our knowledge, this is the first study to report a dose-response relationship between the number of IPV events and frequency of IPV in the past year and non-disclosure to male sexual partners among WLWH in an African setting.
An additional measure for the severity of IPV, experiencing any injuries as a result of IPV, also showed a strong negative relationship with status disclosure. Hatcher et al. [31] report that disclosure among pregnant/postpartum women can lead to IPV because it causes relationship conflict, which is often related to perceived infidelity of women and the notion that women have brought the disease into the relationship [31] . Therefore, it is understandable that women with a history of severe and frequent IPV would be less likely to disclose their HIV-positive status because of the fear-and likely potential real repurcussion-of the male partner having a violent reaction that could result in injury.
An additional important finding from the present study is that not all forms of IPV are equally detrimental to women's status disclosure to male partners. Emotional and sexual violence appear to have a much less pronounced affect on status discosure compared to physical IPV. The WLWH in this study who reported experiencing physical IPV had reduced odds of disclosing their HIV status to their current male partner. This relationship was not observed, however, for women who experiened emotional or sexual IPV after adjusting for control variables, inlcuding the male partner's HIV status. As noted above, women who expereinced injuries from IPV were also less likely to disclose their status. Given these combined findings, we infere that fear of bodily harm is a major deterrent to male partner HIV status disclosure among postpartum WLWH.
Based on these findings, we predict that non-disclosure of an HIV-positive status to male partners among WLWH may be a marker for problematic aspects within sexual relationships, such as severe physical IPV [32] . Consequently, we question whether all WLWH should be told to disclose their HIV-positive status to male partners, since this could jeopardize their safety, in some cases. Standard counseling protocols, during ANC in particular, should screen WLWH for IPV and focus on helping them identify the pros and cons of disclosure and supporting some women's decisions not to disclose [6, 32, 33] . Additionally, health care workers within ANC and maternal and child health settings should be equipped to offer women in abusive relationships referrals to local organizations that provide services, such as safe havens and legal counseling.
Two recent trials from sub-Saharan Africa provide support for incorporating screening for IPV into HIV testing services and training counselors to facilitate discussions about disclosure around women's risk of IPV: The Safe Homes and Respect for Everyone Trail in Uganda [34] and the South Africa HIV/AIDS Antenatal Post-Test Support Study [35] . Unfortunately, with the exception of these two programs, evidence-based interventions that facilitate safe HIV status disclosure to male partners among women who fear or experience IPV are lacking in subSaharan Africa [33] . The present study highlights the need for increased effort into developing effective IPV screening procedures during ANC and postpartum care, as well as interventions that can promote both positive health behaviors and the safety of WLWH who are experincing severe IPV.
The findings of this study should be interpreted within its limitations. First, the study was cross-sectional and could not establish causality or the timing of events. Therefore, we were unable to determine if IPV or status disclosure/lack of status disclosure occurred first. Second, the sample was recruited from a maternal child health clinic, which may introduce selection bias. Women in the study may have different outcomes with respect to IPV than women who do not present for maternal child health care. This sample was also a convenience sample and as such, the results may not be generalizable outside of lowsocioeconomic settings in urban Zambia. Third, the results were based on women's self-reports, which are vulnerable to recall and social desirability biases. Women may have over-reported status disclosure to male partners because they believed this is something they should do. Additionally, rates of HIV disclosure to male partners in our sample may be higher than in the general population of WLWH because all participants were either married or cohabiting with a male partner. Women in these types of long-term committed relationships are more likely to disclose their HIV status than women in less committed sexual relationships [36] . Lastly, quantifying the severity and frequency of IPV is challenging using available validated instruments and our variables for these constructs are restricted by the quality of the input measures. We recommend future research explore additional survey measures to advance the measurement of IPV, particularly the severity and frequency of IPV.
Conclusions
This study indicates that the severity, frequency, and type of IPV against postpartum WLWH influence the likelihood of HIV status disclosure to male partners. Women who experienced more severe and frequent IPV had reduced odds of HIV status disclosure to their current male partner. Physical IPV, in particular, appears to be the type of violence that is the largest deterrent of status disclosure. Nondisclosure among WLWH, in some instances, may indicate an unsafe home environment. Safe options for women in these violent relationships are urgently needed. This could include training HIV counselors to help women evaluate the pros and cons of disclosure and supporting some women's decisions not to disclose. Programs that integrate screening for IPV into HIV testing services and training counselors to facilitate discussions with women based on their risk of IPV should also be further evaluated in subSaharan Africa. Still, the authors recognize that identifying IPV and providing disclosure support to women in abusive relationships is not enough, since this merely addresses one symptom of a much larger problem. Interventions to prevent IPV, and empower and support women who wish to improve or leave abusive relationships are also urgently needed.
